Abstract: The Global Strategy for Plant Conservation (GSPC) set an ambitious target to achieve a conserva
Resumen: La Estrategia Global para la Conservación de Plantas (GSPC, en inglés) estableció el objetivo ambicioso de lograr una evaluación de la conservación para todas las plantas conocidas para el año 2020. Consolidamos evaluaciones sobre la conservación de plantas disponibles digitalmente y reconciliamos sus nombres científicos y estados de evaluación con los estándares predefinidos para proporcionar una medida cuantitativa del progreso hacia este objetivo. Las 241,919 evaluaciones generadas sobre la conservación de las plantas representan a 111,824 especies aceptadas de plantas terrestres (plantas vasculares y briofitas, algas no). Al menos 73,081 y hasta 90,321 especies han sido evaluadas a escala global, representando 21 -26% de las especies de plantas conocidas. De estas especies de plantas, al menos 27,148 y hasta 32,542 están amenazadas. Ochenta familias de plantas, incluidas algunas de las más grandes como Asteraceae, Orchidaceae, y Rubiaceae están sub-evaluadas y deberían ser el foco del esfuerzo de evaluación si se quiere alcanzar el objetivo de la GSPC para el año 2020. Nuestro conjunto de datos está disponible en línea (ThreatSearch) y es una línea de base que puede usarse para apoyar directamente a otros objetivos de la GSPC y de las acciones de la conservación de plantas. Aunque se han recopilado alrededor de un cuarto de millón de evaluaciones sobre plantas, la mayoría de las plantas permanecen sin ser evaluadas. El reto ahora es construir sobre este progreso e intensificar los esfuerzos para documentar los estados de conservación de las plantas sin evaluación para informar de mejor manera las decisiones de conservación y conservar a la mayoría de las especies amenazadas.
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Introduction
Despite the fundamental importance of plants to life on Earth (Díaz et al. 2006; Isbell et al. 2011) , plants are increasingly subjected to the threats of habitat loss and land-use change (Newbold et al. 2016) , invasive species (Vilà et al. 2011) , overharvest (Brummitt et al. 2015) , and stress associated with climate change (Urban 2015) . The pressure that humans exert on natural resources such as plants is at an unprecedented level and may push the planet beyond safe limits (Steffen et al. 2015) . Attempts to address the issue of ongoing biodiversity loss have been made through international treaties such as the Convention on Biological Diversity (CBD). Parties to the CBD, most of the world's countries, committed to reducing biodiversity loss by 2020 (UNEP & CBD 2010a), but recent progress reports and projections suggest the trend of continued loss is likely to persist (Tittensor et al. 2014; Visconti et al. 2016) . Plants are included in global biodiversity targets and are the focus of a more specific strategy: the Global Strategy for Plant Conservation (GSPC) (Wyse Jackson & Kennedy 2009 ). Adopted by the Conference of the Parties (CoP) to the CBD in 2002 (UNEP & CBD 2002) , the first iteration of the GSPC aimed to guide plant conservation through 16 outcome-oriented targets to be delivered by 2010. The strategy galvanized plant conservation activity in botanical gardens and herbaria (Williams et al. 2012) , and in 2010 the first target a "working list of known plant species" was achieved with the publication of the plant list (The Plant List [http://www.theplantlist.org]). The second target of the strategy, a "preliminary assessment of the conservation status of all known plant species" had not been achieved by 2010 (McNeely 2011). Failure to meet Target 2 means other dependent targets such as Target 7 ("threatened species conserved in situ") and Target 8 ("threatened species in ex situ collections") were missed, and the lack of a quantitative response made it difficult to determine exactly how much progress had been made toward each of these targets and what the remaining gaps in coverage were (McNeely 2011 ).
An updated version of the GSPC was adopted by the CBD CoP (CBD 2010). The new targets, to be met by 2020, include a revised version of Target 2: "assessment of the conservation status of all known plant species, as far as possible, to guide conservation action" (UNEP & CBD 2010b). Targets 7 and 8 were also updated and modified; however, they are still heavily dependent on delivery of Target 2 because they require a list of threatened species so that levels of in or ex situ conservation can be reported (UNEP & CBD 2010b) .
The updated strategy includes a technical rationale and milestones to track progress. The milestones for Target 2 include a working list of conservation assessments; an interim list of threatened species; expansion of national-and regional-scale assessments to assist the global assessment; and calls for an assessment of threat status through a "globally representative sample" of plant species. The International Union for the Conservation of Nature (IUCN) Sampled Red List Index for Plants shows that about 1 in 5 plants are at risk of extinction, which directly addresses the milestone of assessing global threat status (Brummitt et al. 2015) , and some progress has been made with subglobal assessments (Zamin et al. 2010) , but an update is needed because many new subglobal assessments have been completed since 2010. Conservation assessments at subglobal scales can make an important contribution to the global target because when species are endemic to the region to which the assessment applies, they are equivalent to global assessments. Fiftyseven percent of all trees are single-country endemic species (Beech et al. 2017) , and as many as 60% of plant species are estimated to be endemic to a single region (R. Govaerts & N. Black, personal communication), more specifically a single level-3 unit of the Taxonomic Database Working Group geopolitical system (Brummitt et al. 2001) . The 60% figure reflects high endemism in a small number of megadiverse regions; endemism in most regions is much lower. Furthermore, even if a species is not endemic to a country or region, a subglobal assessment may still be important to that country or region because it can guide conservation action, the ultimate goal of the GSPC. However, a comprehensive, quantitative response has been lacking for a working list of conservation assessments and an interim list of threatened species.
Compilation of conservation assessments of plants has been attempted; one study reports nearly 60,000 unique plant assessments (Sharrock et al. 2014) . The plant names from this preliminary compilation were not matched to a taxonomic name checklist. The resulting list of assessments is therefore less useful for plant conservation because assessments linked to synonyms or erroneous names may trigger inappropriate conservation responses. Therefore, an update is needed that includes the reconciliation of names against an appropriate taxonomic plant names checklist to ensure a consistent output that supports the goals of GSPC Target 2. An update is also needed to incorporate conservation assessments at global and subglobal scales published subsequent to this initial compilation (Bachman et al. 2011; Léon-Yánez et al. 2011; Martinelli & Moraes 2013; Raimondo et al. 2013) .
We sought to compile a comprehensive baseline response to GSPC Target 2 by reviewing and consolidating the existing digitally available knowledge base of plant conservation assessment data. We aimed to produce a working list of assessments for use as an online resource. A list of assessed and threatened species could facilitate responses to other GSPC targets such as Targets 7 and 8 relating to threatened species conserved in and ex situ. Finally, we identified gaps in the taxonomic coverage of conservation assessments for plants and considered the importance of these results in the context of the GSPC and plant conservation.
Methods

Data Compilation and Interpretation
Our definition of plants included land plants, that is, all vascular plants (Angiosperms, Gymnosperms, Pteridophytes, Lycopods) and Bryophytes, but not Algae. Plant conservation assessments were assembled from a variety of sources including national red-data books, the global IUCN Red List, taxonomic treatments, and online databases. Assessments were made at different geographic and taxonomic scales and with different assessment systems and were published between 1978 and 2016. Although we included some data sets published in 2016, others were not available at the time of compilation; therefore, coverage of assessment data for 2016 is not comprehensive. Data sets were downloaded or obtained with permission (full list of sources in Supporting Information). All data sets were simplified to a standard structure (Supporting Information) before being merged and analyzed in Microsoft Access.
To compare assessments conducted under different systems, we summarized over 115 conservationassessment designations into 5 broad threat categories: extinct, threatened, potentially threatened, not threatened, or data deficient (UNEP 2003; Callmander et al. 2010) . Each conservation-assessment designation was mapped to 1 category (e.g., from the NatureServe ranking system G2 Imperiled mapped to threatened and G5 Secure mapped to not threatened). The majority of assessments followed IUCN categories and criteria version 3.1 (IUCN 2012) or previous versions, for example, 2.3 or pre-1991 example, 2.3 or pre- (IUCN 1994 , and were therefore straightforward to map to the 5 broad threat categories. We mapped other assessment ratings following existing standards, for example NatureServe rankings have been mapped to IUCN categories (Master et al. 2012) , which could then be mapped to the broad threat categories. A smaller number of assessments were more generic and did not use a particular standard. For these we reviewed the assessment and manually assigned 1 of the 5 threat categories. A full list of assignments is in Supporting Information. We categorized the geographic scope of the assessment as global, unknown, or not global based on contextual information from the data source where provided.
Reconciling Plant Assessments to a Name Checklist
We matched the plant names from the conservation assessments to names on The Plant List 1.1 (The Plant List 2013). The Plant List (TPL) is a working list of all known plant species and includes over 1 million scientific names for land plants, with each name assigned a status of either accepted, synonym, or unresolved based on the taxonomic data sources used by TPL. We used TPL as our taxonomic checklist because of its broad coverage across taxonomic groups, accessibility, integration with name-matching tools, and use in reporting on Target 1 of the GSPC. The list follows the circumscriptions and nomenclature of the Angiosperm Phylogeny Group III (2009) classification, except for its use of alternative family names Compositae and Leguminosae, which we refer to as Asteraceae and Fabaceae, respectively. We attempted to match as many plant names as possible from the conservation assessment data set to names on TPL. We checked for an exact match to TPL based on the plant name used in the conservation assessment, including taxonomic authors where available. For names without a unique match (names from our assessment list matched >1 name in TPL or names did not exactly match any name in TPL), we used Plantminer web service (Carvalho et al. 2010 ) in a fuzzy matching approach. Plantminer applies name-matching rules that allow for problems commonly found with plant-name data such as incorrect spelling and misapplied gender (e.g., album rather than alba or albus). A threshold can be set that controls how conservative the name matching should be, where 1.0 is an exact match and 0.7 allows imperfect matches. We tested the matching threshold on a sample of names and
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Accepted-Species List
To generate a list of accepted plant species, we took the list of assessments with plant names that matched names in TPL and filtered out all taxa below species level (infraspecific) because GSPC Target 2 explicitly refers to species. We then removed those assessments with names TPL recognizes as a "synonym" or "unresolved," which left assessments with "accepted" names. We eliminated duplicate names on the list.
Threat Status and Assessment Scale
A complicating aspect of the assessment data is that a species could be assessed multiple times with different threat ratings or at different geographic scales. Therefore, to investigate differences in threat status and geographic scale of species assessed, we used the species list as described above, prior to removal of duplicate names. For all assessments of accepted species, we generated totals for the number of different species in each threat category. We refined these groupings by splitting species by the geographic scale at which the assessment was made to ensure that a species was counted only once per threat category, even though it may have been assessed at different geographic scales. To achieve this, we built a list for each threat category by starting with all species assigned to that category and assessed on a global scale and then adding species assigned to that category, assessed at an unknown scale, and not already included. Finally, we added species assigned to that category, assessed at not global scale, and not already included. Duplicate species with the same threat rating and same geographic scale were removed. However, a species could be listed more than once in different threat categories, meaning the sum of species across different threat categories will therefore be slightly higher than the total generated for the previously described accepted species list.
Gaps in Taxonomic Coverage
We investigated the distribution of conservation-assessment effort across taxonomic groups. We used number of species in a family, from the TPL website, for each family with ࣙ100 species and calculated the proportion of species in each family that had been assessed and determined whether families were overassessed, underassessed, or within the expected variation around the mean (Supporting Information). Because of high rates of synonymy in Pteridophytes and uncertainty over family delimitations (Christenhusz & Chase 2014) , we restricted this analysis to seed plants (i.e., Angiosperms and Gymnosperms).
ThreatSearch
All assessments included in the analysis are in ThreatSearch (http://www.bgci.org/threat_search.php), a searchable online resource. The assessment data is accessed by entering search criteria such as scientific name and the scope of the assessment, such as global or nonglobal, can be used as a filter. Search results show name, published assessment status, interpreted status, year, scope, and source of assessment.
Results
Overview, Name Matching, and Species List
We found 241,919 unique conservation assessments of 111,824 unique accepted plant species (Fig. 1) . On a global scale, at least 73,081 and up to 90,321 species have been assessed, of which 27,148-32,542 have been assessed at least once with a threatened category.
Name Matching and Accepted-Species List
A total of 219,775 assessments were matched to names on TPL (Fig. 1) . After filtering out taxa below species level, synonyms, and unresolved names and eliminating duplicate species names, the total accepted species names was 111,824 (Fig. 1) . Thus, 111,824 species (accepted name in TPL) had at least 1 assessment of their conservation status published.
Conservation-Assessment Categories and Globally Threatened Species
We found 121,087 accepted species × threat category combinations. The not threatened category contained the largest number of species (51,775), followed by threatened (37,543) and possibly threatened (17,850) (Fig. 2) .
Most assessments were carried out at global or unknown scales (Fig. 2) . In the strictest sense, the working list of conservation assessments should be at the global scale; thus, 73,081 accepted plant species (21%) have been assessed. However, if one assumes 60% of the 28,733 species assessed at an unknown scale are equivalent to global assessments because 60% of species are endemic to a single region, a further 17,240 species can be added to the global total to make a plausible maximum of 90,321 (26%).
At least 27,148 species were assessed as threatened. Again, if one assumes 60% of the 8,990 species with assessments rated as threatened at unknown scale are equivalent to global, a further 5,394 species can be (global, unknown, not global) . Data for the extinct category were too few to be clearly labeled on the graph (global, 460 species; unknown, 666; not global, 25) .
added for a plausible maximum total of 32,542 threatened species assessed. Our quantitative response to GSPC Target 2 is therefore that 21-26% of accepted plant species have been assessed and 8-9% of all plant species are threatened. However, the percentage of assessed species that are threatened is much higher at 30-44%.
Taxonomic Gaps
When considering only families with ࣙ100 species, the average proportion of species assessed per family was 0.38 (Fig. 3) . There was wide variation in the proportion of species assessed; some families such as Zamiaceae and Magnoliaceae were almost completely assessed, whereas some families such as Orchidaceae, Asteraceae, and Rubiaceae were underassessed relative to the average. Eighty families (45%) were underassessed, 55 (31%) were overassessed, and 43 (24%) were within the expected variation around the mean.
Discussion
Our findings suggest a considerable effort has been made to document the conservation status of plant species, but major gaps remain. We believe our quantitative approach produced the most comprehensive review of progress toward GSPC Target 2 to date. The resulting collation of assessment data is in ThreatSearch. Our method can be repeated as further conservation assessments are published and as plant-name lists are further developed, enabling progress against GSPC Target 2 to be tracked as the 2020 deadline approaches.
Importance of Assessments at Different Scales
Our database included conservation assessments at different geographic scales, including global, regional, and local scale assessments of varying relevance for a quantitative response to a global-level target. With better data on geographic scale of assessments, these estimates could be further refined, and we encourage those producing assessments to clearly define their scale and taxonomic concepts. The GSPC Target 2 rationale explicitly notes that national-and regional-scale assessments are important to assist in delivery of the global target, and we acknowledge this by including all assessments, independent of scale, in ThreatSearch. As has been argued elsewhere (Schatz 2009) , it is important that national-and regional-scale assessments be monitored.
Gaps in Data Coverage
We believe our compilation represents the most comprehensive list of plant assessments to date, but recognize there is a wealth of additional assessment data that could be gathered to extend coverage. Journals that publish taxonomic treatments of plants often include a section
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Volume 32, No. 3, 2018 on the conservation status for each species; these could be incorporated in our combined list, potentially amounting to thousands of assessments per year. A recent step toward automating that process is a template developed by the Biodiversity Data Journal that can be used to publish assessments in a format that facilitates submission to the IUCN (Cardoso et al. 2016) . We recommend that journals publishing taxonomic treatments of new plants encourage authors to include an assessment of conservation status of the new taxa. Kew Bulletin, for example, has encouraged inclusion of conservation assessments with taxonomic revisions since the early 2000s (D. Simpson, personal communication 2016) .
Our search is likely to have covered the majority of published data sets for plant conservation assessments, especially those that were digitally accessible, although an unquantified amount of assessments appear in books in libraries (e.g., red-data books). The National Red List project (http://www.nationalredlist.org/) is a focal point for assessments in such books and was a major contributor to our compiled list, but it has limited resources to make red-data books digitally accessible. An alternative approach is to prioritize these books for inclusion in existing digitization projects such as the Biodiversity Heritage Library (http://www.biodiversitylibrary.org/) and then link assessments to ThreatSearch.
Name Matching and Summarizing Threat Categories
A consequence of our automated procedure is a failure to link some names used in assessments to the TPL names checklist. Even though we used fuzzy matching to account for inexact matches, our approach was conservative to minimize the number of false matches because linking a conservation assessment to the wrong name would be unhelpful. Insufficient resources were available to carry out a manual inspection of nonmatching assessments, which would resolve this issue, but this should be attempted prior to the next update of the list. When publishing conservation assessments, carefully documenting plant names based on standard nomenclature would facilitate the matching process and ultimately lead to a clearer picture of which species should be conserved.
Name matching revealed many assessments bearing names that TPL treats as synonyms. In some cases, the species concept of the assessment bearing the synonym may be the same as the species concept for the accepted name, indicating the assessment could have been appropriately incorporated into our data set. The speciesby-species research required to evaluate circumscriptions of even a sample of these names was beyond the scope of our project. Similarly, name matching revealed that some assessments were treated as unresolved names in TPL. The latest version of TPL (1.1) dates from September 2013 and therefore does not include additions and changes to plant names published since then. With creation of world Flora databases (http://www.worldfloraonline.org and http://plantsoftheworldonline.org), many more names will be updated, ultimately leading to the inclusion of more assessments linked to names with their status resolved. The impact of using alternative taxonomic name backbones (e.g., Catalogue of Life) should also be explored.
As our assessments were summarized to broad threat categories, we lost detail. Our decision to map assessments to these categories allowed us to summarize overall threat status, but terms such as possibly threatened may be too vague. To minimize risk of misinterpretation of this summary of threat status, we provide a link via ThreatSearch to the original assessment so that it can be viewed in its uninterpreted state. ThreatSearch also includes assessments linked to infraspecific names we excluded so as to report at the species level.
With these caveats in mind, we believe our estimates of the number of plant species assessed are likely to be conservative. It therefore follows we underestimated the number of species assessed as threatened species. More plant assessments exist and efforts should be made to consolidate these for future analysis. It is also likely that further effort reviewing unmatched or partially matched names will yield more data. Although maximizing coverage is important to the overall GSPC Target 2, we sought to develop a workable method that produces a baseline response that can be readily updated.
Beyond the 2017 Response to GSPC Target 2
To achieve a conservation assessment for all plants by 2020 still poses a major challenge, but our compilation shows considerable progress has been made. This response to GSPC Target 2 provides a baseline for further monitoring and highlights remaining gaps in coverage. To ensure the best chance of achieving Target 2, these gaps require immediate attention. Our approach is rigorous and repeatable and will support monitoring of the target and, through the dissemination of assessments through the ThreatSearch website (https://www.bgci.org/threat_search.php), can be used immediately to facilitate direct conservation action. We hope our results and outputs will draw attention to this important target and be used to inform a strategy for achieving an assessment of all plants by 2020.
Another benefit of our compilation is that it can be used as a prioritization tool. Work continues to broaden the taxonomic scope of the global red list through initiatives such as the Biodiversity Barometer (Stuart et al. 2010 ) and the Global Tree Assessment (Newton et al. 2015; Rivers 2017) , and our list can be used to prioritize potentially threatened taxa for full IUCN Red List assessment and publication on the IUCN Red List. To achieve this one can query ThreatSearch for species assessed as threatened or possibly threatened and make these priorities for full
Conservation Biology
Volume 32, No. 3, 2018 global IUCN assessments. This supports broader targets for biodiversity conservation, including Aichi Biodiversity Target 12 and other GSPC targets (e.g., Targets 7 and 8). This first analysis of all known conservation assessments of plants shows the majority of plant species still lack a conservation assessment, which ultimately hampers application of limited conservation resources to achieve maximum conservation impact.
